





Int. J. Pres. Ves. & Piping 43 (1990) 433-442 


ABAQUS code, CANDU reactors, 243 
ADINA (Automated Dynamic 
Incremental Nonlinear Analysis), 
IWM-CRACK, 259 
Advanced Thermal Reactors 
LBB experiments, 39-55 
see also FUGEN 
AGS see Annulus gas system 
Ainsworth R6 method 
assessments and procedures, UK, 
319-26 
circumferential crack stability, 129-47 
compared with GE-EPRI, 141-6 
failure assessment diagram, 133-4 
primary bending moment, 135 
recommendations, combined primary 
loadings, 146—7 
secondary bending moment, 136 
summary and conclusions, 147 
Alloys 
alloy metal 182A, chemical composition, 
274 
austenitic piping, 
break frequencies, 223 
IGSCC, 205 
Inconel, 167, 183 
MnMoN 7-55, 221 
NiMoCr-37, 221 
Zircaloy-2, 2—3 
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American Society of Mechanical Engineers 


Boiler and Pressure Vessel Code 
Section XI, 
analytical K-solutions, 262 
flaw evaluation procedure, 335 
IWB-3600, 72 
IWB-3610, standard, 27, 30 
IWB-3640, 208 
IWB-3650, 
analysis, 341-4 
criterion, 329 
N-463 piping, ‘Z-factor’, 62 
Class 1 and 3 codes, LWR piping, 100 


American Society for Testing and 


Materials 
A226, Japanese equivalents, 380—2 
A33, Japanese equivalents, 380—2 
A370, tensile tests, 275 
A508 Class 2 low-alloy steel, chemical 
composition, 274 
A516, Japanese equivalents, 380-2 
E813, J-values, 275 


Annulus gas system 


CANDU, 

fuel channel, 230 

monitoring requirements, 429 
leak detectors, 233 
moisture detectability, 16-20 
PHT leakage, 5 
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ASME see American Society of 
Mechanical Engineers 
ATR see Advanced Thermal Reactors 
Austenitic piping 
break frequencies, 223 
IGSCC, 205 
Automated Dynamic Incremental 
Nonlinear Analysis (ADINA), 
IWM-CRACK, 259 
Axial defects 
normalized burst pressure, 168—9 
surface flaws, ductile crack growth, 
301-14 
in U bends, 171-2 


Balance-of-plant nuclear piping 
LWR, 67-82 
pressurizer surge lines, 73 
Battelle screening criterion, 371, 377 
Bending 
effective bending stress, P',, defined, 208 
four-point test bend method, 368, 
399-410 
primary/secondary bending moments, 
134-6 
Blunt notch compact specimens, 250-1 
Boiling Water Reactor 
circumferential through-wall cracks, 
four-point bend test method, 
399-410 
crack growth analysis, 104—9 
intensity factors, 390-2 
IGSCC, 205 
Japan, minimum detectable leak rate, 
407 
least detectable crack length, 109 
minimum leak detection capability, 69 
results beyond design basis, 110 
Sweden, program, 205 
BOP piping see Balance-of-plant nuclear 
piping 
Bruce unit, operational flow, 200 
Burst testing, steam generator tubes, 168 
BWR see Boiling Water Reactor 


Calandria tubes, Zircaloy-2, 2-3 
CAN3-N285.4, code of practice, 24 
Canada 
CAN3-N285.4, code of practice, 24 
leak-rate tests, through-wall artificial 
cracks, 413-24 
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Canada—contd. 
national programs, see also CANDU 
nuclear generating stations, Ontario 
Hydro, Darlington, 285-98 
CANDU Owners Group, 425 
CANDU reactor 
annulus gas system, monitoring 
requirements, 429 
description, 189-91 
3D finite element analysis, 241-2 
fuel channel, description, 2, 24 
LBB experience, 3-6 
LBB policies, 429, 430 
locating a leaking crack by safe 
simulation, 187—203 
maximum allowable leak rate, 416 
pressure tubes, 1-21, 23-36 
manoeuvres, simulation of crack 
growth, 202 
probabilistic approach to LBB, 229-38 
schematic diagram, 188 
Canoe shape, crack growth, 301, 312 
Carbon steel pipes 
crack growth analysis, 390 
fracture criterion, 379-96 
evaluation, 390-6 
LBB verification test and evaluations of 
crack growth, 379-96 
LWR, development of fracture criteria, 
97-9 
prototypical test program, France, 
155-62 
STS42, leak-rate tests, 399-410 
welded, fracture experiments, 329-49 
see also Stainless steel; Steels 
CEA see France, Atomic Energy 
Commission 
CEGB see UK Central Electricity 
Generating Board 
Center-cracked panel test, 384 
Chalk River active crack leak evaluation, 
simulation experiments, 193-9, 
203 
Channel outlet temperatures, 230-1 
Charpy-V impact test, 257, 275, 276, 283 
Charpy-V toughness, prediction, 88—9 
Codes of practice 
CAN3-N285.4, 24 
NUREG, 1061, 68 
NUREG CR838, 88, 90 
see also ASME Boiler and Pressure 
Vessel Code 


Cold-leg weld test, net-section-collapse 


analysis, 341-3 















Consejo de Seguridad Nuclear, Spain, 
85-92 - 
Corrosion, pressure tubes, 59 
Crack growth analysis 
boiling water reactors 
pressure water reactors, stress 
intensity factors, and, 390—2 
results, 107 
stress cycle, 104 
canoe shape, 361, 312 
circumferential through-wall cracks, 
acceptance criteria, 30 
Ainsworth R6 method, 137-40 
experiments, welded carbon steel 
pipes, 329-49 
Failure Assessment Diagram, 133-4 
Failure Assessment Line, 134 
flaw stability analysis, 60 
four-point bend test method, 368, 
399-410 
GE-EPRI, 137-40 
LBB acceptance criteria, USNRC, 
3.6.3 60-1 
leak detection rate, USNRC RG1.45 
requirements, 89 
leak rate results, 75 
material classifications, 343 
plastic collapse exclusion, 28 
pressure water reactor pressurizer, 72 
stability 
Ainsworth method, R6 129-47 
GE-EPRI method, 129-47 
stability evaluation, 76 
stability see Ainsworth R6 method 
steam generator tubes, 169-70 
strength behaviour, 
calculational methods, 355-7 
pipes and materials, 353 
results, 354, 360-4 
ductile crack growth, axial surface flaws, 
301-14 
longitudinal defects, 28-30 
calculational methods, 355 
pipes and materials, 353 
results, 357-60 
test results, 354 
model, MARATHON, 231-3 
net-section-collapse analysis, 341-3 
pressure water reactor 
results, 108 
stress cycle, 103 
through-wall cracks, DHC, 5, 15 
Crack length, methods of estimation, 289 
Crack mouth opening displacement, 369 


Index 


Crack opening displacement 
area, steam generator tubes, 175—7 
artificial crack geometries, 415-16 
leak-rate test apparatus, 401, 415 
Crack stability assessment 
FLET program, 73-7 
LWR, see loads, 80 
simplified method, 140-1 
Crack tip opening displacement, 372 
Cracks, see also Critical crack length; 
Flaws; Fractures 
CRACLE see Chalk River active crack 
leak evaluation 
Critical crack length 
delayed hydride cracking, 6-8 
initiation length, and instability length, 
322 
leak rates, 15-16 
pressure vessels, 319 
time available for action, 8—15 
Critical crack size, and leakage size crack, 
LWR, 77 
Critical mass flux, 409 
CSN see Consejo de Seguridad Nuclear 


Darlington 
Ontario 
LBB test program, 285-98 
leak-rate tests, through-wall artificial 
cracks, 413-24 
NGS-A heat transport system, 113-26 
design features, 115-17 
mechanical loadings, 121 
pressure loadings, 119 
thermal loadings, 120 
vibration effects, 124—6 
water hammer effects, 124—6 
DBE see Earthquake, design basis 
DC-EP see Direct current electric potential 
Deformation plasticity failure assessment 
diagram 
crack stability, 77-80 
FLET program, 77-8 
DEGB see Double-ended guillotine break 
Degraded Piping Program 
J-estimation, 159 
results, 341-9 
Delayed hydride cracking 
controlled stimulation, CANDU 
reactors, 187—203 
critical crack length, 6-8 
defined, 3 
evaluation procedures, 25—34 
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Delayed hydride cracking—contd. 
leak rates, 15-16 
moisture detectibility, 16—20 
principal features, 5 
time available for action, 8—15 
Dimensionless plastic-zone criterion, 345 
Direct current electric potential method, 
onset of crack propagation, 369 
Discussion, directed, 425—32 
Double-enced guillotine break 
as design criterion, 367 
hypothetical, 67-8 
DPFAD see Deformation plasticity failure 
assessment diagram 
DPIII see Degraded Piping Program 
Ductile crack growth of semi-elliptical 
surface flaws in pressure vessels, 
301-14 
Ductile fracture, properties for assessing 
LBB, 285-98 
Duquesne Power Whipjet program, 335-6 


Earthquake 
design basis earthquake, 
loading, 123 
seismic failures, 122-3 
ECI see Emergency Cooling Injection 
signal 
EDF see France, LBB applications 
Effective bending stress, P',, defined, 208 
Elastic-plastic failure 
finite element models, nuclear pressure 
vessel, 258-70 
Z-factor, 344 
Elastic-plastic fracture mechanics 
Ontario Hydro, 114-22, 285-98 
tearing modulus analysis, 61 
Electric discharge machining, 369 
Electric Power Research Institute 
computer codes, 73-7 
GE-EPRI engineering approach, 
circumferential crack stability, 129-47 
compared with Ainsworth R6 
method, 141-6 
prediction of fracture behaviour, 
372-5 
primary bending moment, 134 
secondary bending moment, 135-6 
J-estimation method, 159-61 
net-section-collapse-theory, NP-192, 89 
PICEP program, 413-24 
Emergency Cooling Injection signal, 123 
EPFM see Elastic-plastic failure mechanics 
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EPRI see Electric Poower Research 
Institute 


FAD see Failure Assessment Diagram 
Failure assessment curve, 393-6 
Failure Assessment Diagram 
CEGB method, 130 
circumferential through-wall cracked 
cylinder, 133-4 
Failure Assessment Line, 133 
Fatigue, LBB limitations, 59 
Fault tree, flow diagram of fracture 
assessment, 393 
FEM see Finite element models 
Ferritic weldments see Welds, ferritic 
Finite element models 
ABAQUS, 243 
ADINA, 259 
analysis, LWR, 104 
CANDU reactors, 241-2 
elastic-plastic failure, pressure vessel, 
258-70 
IWM-VERB, 267 
MARC program, 390 
nuclear pressure vessel, 258—70 
Flaw evaluation 
CEGB R6 method, 129-47, 319-26 
CRACLE (Chalk River active crack 
leak evaluation), 193-9, 203 
elastic-plastic fracture mechanics, 61, 
114-22, 285-8 
Failure Assessment Diagram, 133-4 
Failure Assessment Line, 133 
GE-EPRI engineering approach, 129-47, 
372-5 
proposed sequence, 27 
structural integrity diagram, 319, 321, 324 
Flaws 
CANDU pressure tubes, 1-21, 23-36 
circumferential see Crack growth 
analysis, circumferential through- 
wall cracks 
critical-size vs leakage-size, 60-1 
evaluation see Flaw evaluation 
flaw size margin 
LWR, 82 
defined, 78 
flaw stability analysis, USNRC, 61-4 
longitudinal, 28-30 
acceptance criteria, 30 
elastic-plastic collapse excluded, 28 
see also Crack growth analysis, 
longitudinal defects 
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Flaws—contd. 
rolled joints, 41 
strength behaviour, 
calculational methods, 355-7 
pipes and materials, 353 
results, 354, 357-64 
summary and conclusions, 364—5 
FLET computer code, 73-7 
Flow diagram of fracture assessment (fault 
tree), 393 
Fluid choking, leak-rate, 419, 421 
Four-point bend test method, 
circumferential through-wall 
cracks, 368, 399-410 
Fractographic features, 293-5 
Fracture analysis 
evaluation flow, 97 
finite element method, 99 
flow diagram (fault tree), 393 
vertification test, 98 
Fracture experiments 
A106 SMAW TWC pipe, 335-6 
cold-leg SAW pipe, 330—5 
dimensionless plastic-zone criterion, 345 
elastic-plastic failure mechanics analyses, 
345-9 
fracture toughness test, 275, 277-8, 290-3 
IWB-3650 analysis, 343-4 
net-section-collapse analysis, 341-3 
SAW carbon steel TWC, 406 mm, 
338-41 
SAW surface-cracked pipe, 406 mm, 
337-8 
welds, 329-49 
Fracture toughness test 
ASTM E1152, 290-3 
ASTM E813, 275, 277-8 
Fractures, see also Crack growth analysis; 
Critical crack length; Flaws 
Framatome 
LBB applications, 130 
LBB in France, 151-62 
France 
Atomic Energy Commission, 152 
LBB applications, 151-62, 165-79 
liquid metal fast breeder reactors, 151 
thermal stratification study program, 
431 
Fuel channel 
CANDU reactor, 3 
see also CANDU 
FUGEN Advanced Thermal Reactors 
description, 39-42 
experimental loop, 47 
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FUGEN Advanced Thermal 
Reactors—contd. 
LBB experiments, 44—55 
leak detection system, 45 
manufacture of pressure tubes, 42-4 
results, 48-53 
summary and discussion, 53-5 


G-factor 
expression, 394 
LWR, defined, 99 
typical pipe crack, 395 
Gas annulus see Annulus gas system 
Gas graphite reactors, 151 
German-Kumar solution, unstable fracture 
analysis, 392 
Germany 
flawed pipes, strength behaviour, 351-65 
KTA-Rule, 3201.2, 351 
LBB policies, 429, 430 
ductile crack growth of semi-elliptical 
surface flaws in pressure vessels, 
301-14 
pressure water reactors, 
break exclusion requirements, 223-6 
probabilities of leaks/breaks, 219-26 
RSK concept, 115 


Heat-affected zone (HAZ), welds, 273 

Heaviside step function H, 210 

Heavy-section steel technology program, 
257 

HSST see Heavy-section steel technology 
program 


IGSCC see Inter-granular stress corrosion 
cracking 
Inconel tubing 
steam generator tubes, 167 
600 M.A., 183 
Inter-granular stress corrosion cracking 
critical crack size, calculation, 206-9 
failure probability, 205—16 
input data, 210-13 
probabilistic assumptions and analysis, 
209-10 
results, 213-14 
sensitivenes and uncertainties, 214-16 
summary and conclusions, 216 
International Program on Piping Integrity 
Research Group, 154 
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Italy, stainless steel pipes, fracture 
behaviour, temperature studies, 
367-77 

IWM-CRACK, ADINA, 259 

IWM-VERB, nuclear pressure vessel, 267 

IWM-VERB program, 267 







J-distributions, averaging, 247 
J-estimation schemes see Ainsworth R6 
method; Electric Power Research 
Institute, GE-EPRI 
J-integral 
CEGB method, 130-1 
computation by different methods, 
158-61 
contour dependence, 249 
defined, 28 
LWR, 70 
tearing modulus approach, 115 
variations along on crack front, 246—7 
virtual crack extension technique, 245-8 
J—R curves 
base metal, 77 
finite element models, 258-9 
weld metal, 78 
Japan 
boiling water reactors, leak-rate tests, 
four-point bend test method, 
399-410 
carbon steel pipes, 
fracture criterion, 379-96 
LBB verification test and evaluations 
of crack growth, 379-96 
experimental study on fracture 
toughness, welds, 273-83 
FUGEN Advanced Thermal Reactors 
development plan, 39-55 
light water reactor, carbon steel piping 
components, development of 
criteria, 95—111 
Jet impingement see Whipjet pipe test; 
Whipjet program 
JIS STS49, chemical compoisition, 274 


K-value see Stress intensity values 
Kiss rolling operation, single/multiple 
cracks, 170-1, 177, 178 


LBB policies 
crack growth rate, 6—7 
deterministic approach, 31-3 
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LBB policies—contd. 
dewpoint change of CO, gas, 49 
diagram, UK applications, 318 
experience, 35-6 
light water reactor, 

analysis, 71—2 
evaluation, 
crack stability, 106 
evaluation for conditions beyond 
design, 109-10 
method, 101-4 
postulated crack, 105 
results, 106—9 
sequence, 101 
summary, 110-11 
overview, 68-71 
sample calculations, 72—82 
summary and conclusions, 83 
probabilistic approach, 34 
time available for action, 8-15 
verification tests, Japan, 387-90 

Leak detection 
capability, 34—5 
model, MARATHON, 233-4 

Leak-rate tests 
Canada, 413-24 
constants used, 410 
critical crack length, 15-16 
fixtures, 414-16 
Japan, boiling water reactors, 399-410 
leak detection capacibility, leakage-size 

cracks, 71 
through-wall artificial cracks, 413-24 

Leakage 

time availagle ¢, gp, 
calculation, 231-8 
cumulative distribution function, 234 

Leakage size crack 

light water reactor, 82 
analysis, 71-82 

Ligament instability curve, 319 

Ligament rupture, 321 

Light water reactors 

balance-of-plant nuclear piping, 67-82 

carbon steel pipes, 
fracture criterion, 379-96 
LBB verification test and evaluations 

of crack growth, 379-96 

flaw size margin, 82 

G-factor, defined, 99 

Japan, carbon steel piping components, 

development of criteria, 95—111 

LBB policies, 101-11 

load margin, 82 








Liquid metal fast breeder reactors, 
French plants, 151 

LMFBRs see Liquid metal fast breeder 
reactors 

Load margin, light water reactor, 82 

LSC see Leakage size crack 

LWR see Light water reactors 


MARATHON 

crack growth model, 231-3 

examples, 234—7 

leak detection model, 233-4 

summary and discussion, 237-8 
MnMoN-5S, ageing, 221 
Moisture detectibility, 16-20 
Monte Carlo techniques 

CDF, 231 

see also MARATHON 


Net-section-collapse analysis, 341-3 
welds, 342 

Net-section-collapse criterion, calculations, 
370-2 A 

Newman-Rayju solution, crack growth 
analysis, 392, 394 

NiMoCr-37, ageing, 221 

Notch impact energy, toughness indicator, 
353, 355 

NRC see USNRC 

NSC see Net-section-collapse 

NUPEC project, Japan, 95-111 

NUREG 1061, LBB code, 68 

NUREG CR-0838, teating modulus, 88, 90 


Ontario Hydro see Canda; CANDU; 
Darlington, Ontario 


Paris’ power law, 390—2 
PHT leakage, gas annulus, 5 
PICEP see Pipe Crack Evaluation 
Program 
Pickering unit 
leak-simulation procedure, 199-200 
pressure tube testing, 194 
Pipe Crack Evaluation Program 
computer code, 73-7 
leak-rate tests, 413-24 
Pipewhip restraints 
elimination, pressure water reactor, 
85-92 
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Pipewhip restraints—contd. 
pressure tubes, 58 
undesirability, 115 
Plasticity correction, CEGB method, 132 
Plugging criteria, steam generator tubes, 
181-6 
Plutonium-uranium mixed oxide fuels, 39 
PRAISE code, 206 
Pressure tubes 
annealing of radiation damage, 8 
CANDU reactor, 1-21, 23-36 
corrosion, 59 
crack length versus crack depth, 10 
fatigue, 59 
FUGEN Advanced Therma: Reactors, 
manufacture, 42-4 
irradiation hardening, 8 
loadings, 
mechanical, 118 
pressure, 118 
thermal, 117-18 
pipe whip restraints, 58, 85-92, 115 
pressurizer surge lines BOP systems, 73 
temperature gradient through wall, 10 
water hammer, 59 
Zr-2:5 Nb, 2 
Pressure vessels 
elastic-plastic finite element models, 
258-70 
extended safety analysis, 255-70 
finite element models, 258—70 
global vessel reaction, 262 
IWM-VERB, 267 
LBB assessment method, UK, 317-26 
structural integrity diagrams, 319-24 
tests, 
dc potential drop method, 307 
ductile crack growth, 305 
geometry, material data and loading, 
307 
through-wall cracks, 322 
wide plate fracture tests, 323 
see also Pressure water reactors 
Pressure water reactors 
crack growth analysis, 103, 103-8 
intensity factors, 390—2 
degradation of steam generator tubes, 
Spain, 181-6 
France, LBB applications, 153—4 
Germany 
break exclusion requirements, 223-6 
probabilities of leaks/breaks, 219-26 
least detectable crack length, 109 
minimum leak detection capability, 69 
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Pressure water reactors—contd. 
primary loop piping, elimination of pipe 
whip restraints, 85—92 
results beyond design basis, 110 
simulation tests, 353-4 
steam generator tubes, LBB, 165-179 
see also Pressure vessels 
Primary looping see ASME standards 
Primary water stress corrosion cracking, 
184—5 
Probabalistic Safety Assessment, WASH 
1400, 205, 220 
PWSCC see Primary water stress 
corrosion cracking 


R6 method see Ainsworth method 
Ramberg—Osgood equation, 373, 393 
stress-strain curve, 131 
Ramberg—Osgood parameters, 135 
Ramberg—Osgood representation, 244, 246, 
250-1 
Reactor Coolant System Design, 184 
Reactor pressure vessels see Pressure 
vessels 
Reactors 
operation, time available for action ¢, 201 
see also Boiling water reactors; Light 
water reactors; Pressure water 
reactors 
Reference stress concept, CEGB method, 
132 
Rolled joints 
defects, 41 
delayed hydride cracking, 3 
effect of roll extension, 4 
fabrication, 3 
FUGEN Advanced Thermal Reactors, 
FL, DL, DU tests, 45-6 
roll transition zone, instability criteria, 
171 
sandwich-type, residual stress 
distribution, 44 
tensile hoop stresses, 3 
Round Robin Test, 87 


SA351 CF8A, fracture toughness, 89 
Safe shutdown earthquake, 60 
loads, light water reactor, crack stability, 
77-80 
SAW see Welds 
Seismic failures, DBE, Darlington NGS-A 
heat transport system, 122-3 
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Simulation tests, pressure water reactor, 
353-4 
SMAW see Welds 
Spain 
pressure water reactor, 
degradation of steam generator tubes, 
181-6 
pipe whip restraints, 85—92 
SSE see Safe shutdown earthquake 
Stable growth of cracks see Crack growth 
analysis 
Stainless steel type 304, chemical 
composition, 274 
Stainless steel 316L 
fracture experiments, 369 
properties, 323, 370 
Stainless steel 316L-W 
fracture experiments, 369 
properties, 370 
Stainless steel 
DPFAD margin, 79-81 
excessive load, stability evaluation, 81 
fracture behaviour of pipes, temperature 
studies, 367—77 
prototypical test program, France, 
155-62 
stability evaluation, 76 
see also Carbon steel; Steels 
Stainless steel SUS304, leak-rate tests, 
399-410 
Steam generator tubes 
allowable leak rate, 177 
crack opening area, 175-7 
double cracks, 172-3 
LBB, 165-79 
maintenance, 166—7 
multiple parallel cracks, 174-5 
plugging criteria, 181-6 
rupture criteria, 167-8 
SLB, 185 
summary and discussion, 178-9 
tube support plate, cracks, 172 
Steels 
20 MnMoON/-S55, Jp curves, 302 
MnMoN 1-55, ageing, 221 
NiMoCr-37, ageing, 221 
StE460, Jp curves, 302 
see also Carbon steel; Stainless steel 
Strain ageing 
influence on fracture properties and 
welds, 295 
MnMoN ‘1-55, 221 
NiMoCr-37, 221 
Stress corrosion cracking, 59, 205-16 











Stress intensity factor 
K-value analysis, 390—2 
surface cracks, 390—2 
Stress intensity factor K,, delayed hydride 
cracking, 25-6 
Stress intensity factor Ky, 6 
Striping, defined, effects, 73 
Structural integrity diagrams 
2:'5m plate width, 324 
50m plate width, 324 
bounding defect sizes, 321 
factors to be considered, 319 
Surface flaws 
axial defects, ductile crack growth, 
301-14 
semi-elliptical, in pressure vessels, 
301-14 
stress intensity factor, 390-2 
submerged-arc (SAW), 406 mm pipe, 
experimental results, 337-8 
Sweden 
boiling water reactors, program, 205-16 
LBB policies, 430 


Tearing modulus 
analysis, 61 
J-integral approach, 115 
NUREG CR-0838, 88, 90 
Temperature studies, stainless steel pipes, 
fracture behaviour, 367—77 
Tensile hoop stresses, rolled joints, 3 
Tensile properties, see also 
Rambert—Osgood equation 
Tensile test, 275, 276 
Terminal Solid Solubility, exceeded, 
additional criteria, 30 
TGI see Tungsten inert gas 
Thermal loading, NGS-A heat transport 
system, Darlington, Ontario, 120 
Thermal loadings, pressure tubes, 117-18 
Thermal stratification, study program, 
France, 431 
Through-wall cracks see Crack growth 
analysis, circumferential through- 
wall; longitudinal defects 
Time available ft, g,, 201 
calculation, 231-8 
cumulative distribution function, 234 
TSS see Terminal Solid Solubility 
Tungsten inert gas welds, 370, 374 


U bends, axial cracks, 171-2 
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UK Central Electricity Generating Board 
method 
double criteria, 130-1 
Failure Assessment Diagram, 130 
LBB assessment methods, 317-26 
plasticity correction, 132 
R6 procedure, Ligament Instability 
Curve, Critical Crack Length, 
318-19 
reference stress concept, 132 
United States 
fracture experiments, 
carbon steel welded pipes, 329-49 
elastic-plastic failure mechanics 
analysis, 345-9 
PICEP program, 413-24 
USNRC 
balance-of-plant nuclear piping, 67—82 
Degraded Piping Program, 154 
development of SRP3.6.3, 57-64 
flaw stability analysis, 61-4 
generic letter GL84.04, 86 
GL84.04, 86 
LBB acceptance criteria, 60-1 
LBB licensing, 57-8 
LBB policies, 429, 430 
leak detection guidelines, 432 
see also Electric Power Research 
Institute 
Unstable fracture analysis, development of 
evaluation and criteria, 392-6 
Upper-shelf notch impact energy, 
toughness indicator, 353, 355 


VCE see Virtual crack extension 

Vessels see Pressure vessels 

Virtual crack extension technique, J- 
integral, 245-8 


WASH 1400, Probabilistic Safety 
Assessment, 205, 220 
Water hammer effects 
Darlington NGS-A heat transport 
system, 124-6 
excessive dynamic loads, 59 
Wedge-open-loaded specimens, 257 
Weigh balance water supply system, 
416-17 
Welds 
alloy metal 182A, chemical 
compoisition, 274 
base metal stress-strain curves, 74 
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Welds—contd. 
cold-leg weld test, net-section-collapse 
analysis, 341—343 
ferritic 
ductile fracture properties for 
assessing LBB, 285-98 
welded pipe versus net-section- 
collapse, 342 
fracture experiments 
carbon steel pipes, 329-49 
toughness of weld metals in steel 
piping, 273-83 
gas tungsten arc welds, 273, 287 
heat-affected zone (HAZ), 273 
influence of strain ageing on fracture 
properties, 295 
net-section-collapse analysis, 342 
Ontario Hydro weld procedures, 287 
PN-107 and PN-229, shielded metal-arc 
(SMAW) and submerged-arc 
(SAW) processes, 286 
PN-108 and PN-232, post-weld heat 
treatment, 286 
post-weld heat treatment, 286 
procedures, Ontario Hydro, 285-98 
shielded metal-arc (SMAW), 88 
A106 Grade B, TWC pipe, 330, 335-6 
carbon steel pipes, LBB verification 
test and evaluations of crack 
growth, 379-96 
TWC pipe, A106 Grade B, 
experimental results, 335-6 
specifications, light water reactor, 70 
stress corrosion cracking, analysis, 208 
submerged-arc (SAW), 88 
406 mm pipe, surface-cracked, 
experimental results, 337-8 








Welds—contd. 
submerged-arc (SAW)—contd. 
carbon steel pipes, LBB verification 
test and evaluations of crack 
growth, 379-96 
cold-leg pipe section, experimental 
results, 330—5 
TWC 406 mm pipe, experimental 
results, 338-41 
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